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TECHNICAL FIELD OF THE INVENTION 

ds invention relates to DNA sequences 
that code for the DR p-chain locus of the human 
lymphocyte antigen complex. More particularly, it 
relates to the use of those DNA sequences in diag- 
nostic typing processes and products . Such processes 
and products are useful in determining an indivi- 
dual 1 s susceptibility to a wide variety of diseases 
and an individual's characteristics as a donor or 
acceptor of a tissue or organ transplant. The DNA 
sequences of this invention are also useful in the 
expression of polypeptides encoded by them. 

BACKGROUND ART 

The human lymphocyte antigen ( "HLA" ) system 
is the major histocompatibility complex in man. 
It, therefore, constitutes the strongest barrier 
for tissue and organ transplants between individuals, 
apparently distinguishing between self and non-self. 
In addition, HLA factors have been demonstrated to 
be associated with increased susceptibility to a 
wide variety of diseases. Therefore, the antigens 
' of the HLA system have found use in diagnostic typing 
processes and products for determining an 
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individual's susceptibility to a wide variety of 
diseases and his characteristics as a donor or 
acceptor of a tissue or organ transplant [F. H. Bach 
and J. J. Van Rood, N. Engl. J. Med. , 295 , pp. 806-13 
(1976)]. 

From a genetic point of view the HLA system 
is fairly well characterized. See e.g., I*. P. Ryder 
et al., "Genetics Of HLA Disease Association", Ann. 
Rev. Genet. , 15, pp. 169-87 (1981); J. L. Strominger 
et al . , in The Role of the Major Histocompatibility 
Complex in Immunobiology , M.Dorf, ed., Garland SPTM 
Press, pp. 115-172 (1981); T. Sasazuki et al., "The 
Association Between Genes In The Major Histocompati- 
bility Complex And Disease Susceptibility" , Ann. Rev. 
Med. , 28, pp. 425-52 (1977). It consists of a series 
of more or less highly polymorphic loci situated 
within an interval of about 2 centimorgan (cM) on 
the short arm of chromosome 6. Three loci in that 
system (HLA- A, B and C) encode one class of codomi- 
nantly expressed alloantigens (Class 1). Another 
locus (HLA-D/DR) encodes a second class of codomi- 
nant alloantigens with a high degree of recognized 
polymorphism (Class 2)« Three other loci, control- 
ling some of the initial components (C2, C4 and 
factor Bf) of the complement cascade, also belong 
to the HLA system (Class 3). Finally, there is an 
non-specific region in the HLA complex designated 
la. Region la appears related to, but different 
than, the DR locus. 

The biology of the HLA system is less well 
understood. Class 1 factors are distributed in all 
tissues except erythrocytes. Class 2 factors are 
substantially restricted to 0 -lymphocytes and mono- 
nuclear phagocytic cells and the Class 3 complement 
factors are directly involved in the activation of 
the C3 factor, the key component in the complement 
system. The HLA-DR antigens appear to be involved 
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in immunological phenomena — immune responsiveness, 
T-cell suppression, T-cell and ^-cell cooperation 
and T-cell and macrophage presentation [B. Benacerraf 
in "The Role Of The Major Histocompatibility Complex 
In Immunobiology" , M. E. Dorf, ed., Garland SPTM 
Press, pp. 255-69 (1981)] . 

The HLA-DR antigens are composed of two 
non-covalently-linked glycosylated peptide chains, 
a heavy or or-chain of about 35000 molecular weight 
and a light or p -chain of about 29000 molecular 
weight, that span the cellular membrane [Strominger 
et al., supra ; and Ryder et al., supra ] . Intracellu- 
lar^, a third peptide chain of about 32000 molecular 
weight is associated with the a- and 0-chains [D. J. 
Charron and.H* 0. McDevitt, J> Exp. Med. , 152, 
pp. ) ; Strominger, supra ] • It appears 

that the light or p -chain carries the polymorphism 
of the HLA-DR antigens, while the a -chain and third 
chain appear identical in different individuals 
[G. Corte et al., Proc . Natl . Acad . Sci . USA , 78, 
pp. 534-38 (1981); Charron and McDevitt, supra ] . 
Several serologically distinct HLA-DR antigens have 
been identified — HLA-DR1 through HLA-DR8 — and 
monoclonal antibodies have defined subparts of DR 
antigens within homozygous cell lines [V. Quaranta 
et al., J. Immunol. , 125, pp. 1421-25 (1980); 
S. Carrel et al., Mol . Immunol . , 18, pp. 403-11 
(1981)]. At least two DR p-chains can also be dis- 
tinguished in several homozygous cell lines by pep- 
tide analysis [R. S. Accolla et al*, Proc. Natl. 
Acad. Sci. USA , 78, pp. 4549-51 (1981)]. 

Several other loci also exist that encode 
polymorphic la-like antigens that are closely linked 
but not identical, to HLA-DR [G. Corte et al., 
Nature , .292, pp. 357-60 (1981); Nadler et al., 
Nature , 290, pp. 591-93 (1981)]. These distinct 
subregions are called DC [R. Tosi et al., J. Exp. 
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Med. , 148, pp. 1592-1611 (1978); D. A. Shackelford 
et al., Proc. Natl. Acad. Sci. USA , 78, pp. 4566-70 
(1981)] and SB [S. Shaw et al., J. Exp. Med. , 156, 



linkage disequilibrium with the DR antigens. SB 
antigens control a secondary lymphocyte reaction 
and are encoded in a region centromeric to the DR 
loci. 



serologically by precipitation with antisera. There- 
fore, the exact nature of the HLA-DR determinants 
is uncertain. However, these antigens have found 
use in typing processes and products to determine 
the compatibility of donors and acceptors for tissue 
or organ transplants and to determine susceptibility 
of an individual to a wide variety of diseases. 
For example, Ryder et al., supra , has reported the 
following disease susceptibilities based on DRl 
through DR8 typing: 




The DC antigens are in strong 



At present the HLA-DR antigens are isolated 



# 



Disease 



Dermatitis 
5 herpetiformis 
Coeliac disease 

Sicca syndrome 
Idiopathic Addison's 
10 disease 

Graves 1 disease 
Insulin-dependent 
diabetes 

15 

Myasthenia gravis 
SLE 



Idiopathic membraneous 



nephropathy 


D/DR3 


75 


20.0 


12.0 


0.69 


Multiple sclerosis 


D/DR2 


59 


25.8 


4.1 


0.45 


Optic neuritis 


D/DR2 


46 


25.8 


2.4 


0.27 


Goodpasture ' s syndrome 


D/DR2 


88 


32.0 


15.9 


0.82 


Rheumatoid arthritis 


D/DR4 


50 


19.4 


4.2 


0.38 


Pemphigus 


D/DR4 


87 


32.1 


14.4 


0.81 


IgA nephropathy 


D/DR4 


49 


19.5 


4.0 


0.37 


Hydralazine- induced SLE 
Hashimoto's thryoiditis 


D/DR4 


73 


32.7 


5.6 


0.60 


D/DR5 


19 


6.9 


3.2 


0.13 


Pernicious anemia 


D/DR5 


25 


5.8 


5.4 


0.20 


Juvenile rheumatoid 












arthritis: pauciart 


D/DR5 


50 


16.2 


5.2 


0.40 


From these typings, 


it can be 


seen 


that an 


individual 




typed positive for D/DR4 has a 


6.4 


times higher risk 





of developing insulin-dependent diabetes than 
individuals typed negative for D/DR4. 

In some cases it has also been demonstrated 



that a disease is more severe in patients having 
the disease-associated antigen than in those who do 
not have that antigen. For example , multiple 

40 sclerosis progresses more rapidly in D/DR2 -positive 
patients than in D/DR2 -negative patients. Moreover , 
relapses in certain diseases are more common in 
patients positive for the disease- associated anti- 
gens. Plainly, then, HLA-DR typing has great diag- 

45 nostic and prognostic value. 
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Postive 

Frequency (%) Relative Ethiologica 
Typing Patients Controls Risk Fraction . 



D/DR3 


85 


26.3 


15.4 


0.80 


D/DR3 


79 


26.3 


10.8 


0.72 


D/DR7 also increased 






D/DR3 


78 


26.3 


9.7 


0.70 


D/DR3 


69 


26.3 


6.3 


0.58 


D/DR3 


56 


26.3 


3.7 


0.42 


D/DR3 


56 


28.2 


3.3 


0.39 


D/DR4 


75 


32.2 


6.4 


0.63 


D/DR2 


10 


30.5 


0.2 




D/DR3 


50 


28.2 


2.5 


0.30 


B8 


47 


24.6 


2.7 


0.30 


D/DR3 


70 


28.2 


5.8 


0.58 



However, the use of such typing processes 
and products and, therefore, the attainment of the 
important advantages that they would provide in iden- 
tifying acceptable transplant donors and recipients 
and disease-susceptible individuals, has been 
severely restricted because the present typing proce- 
dure is complex and time consuming and because there 
are not sufficient HLA-DR antigens available to pro- 
vide a useful and economical source for such pro- 
cesses and products. 

DISCLOSURE OF THE INVENTION 

The present invention solves the problems 
referred to by providing DNA sequences coding for 
the DR-p -chains, the major polymorphic regions of 
the DR locus of the human lymphocyte antigen complex, 
and diagnostic typing processes and products related 
thereto . 

By virtue of this invention, the DNA 
sequences encoding the HLA-DR light or p -chains are 
now for the first time made available for use in 
HLA-DR typing processes and products* Not only are 
the DNA sequences of this invention able to be pro- 
duced economically and in large amount, their use* ^ 
in typing ©raaess^s and products substantially Mxo^n 
Hptlxfy and ^^3Ma&^%he cost of the former HLA-DR anti- 
gen-based typing processes and products . For 
example, the DNA typing process of this invention 
is simple, can be performed with as little as 
10-20 ml of blood and can easily be scaled-up to 
several thousand typings. 

Finally, the DNA sequences of this inven- 
tion permit the expression of those sequences in 
appropriate hosts and the production of the specific 
DR p -chain antigens encoded by them, uncontaminated 
by other HLA-DR factors, for use as diagnostic, pre- 
ventive or therapeutic agents. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic outline of chromo- 
some 6 and the location of HLA loci on the short 
arm. 

5 Figure 2 is a schematic outline of one 

embodiment of a cloning process of this invention. 

Figure 3 is a partial restriction map of 
clones 83-7, 68-6, DR-p A , DR-p 2 and Ia-p, of this 
invention* The restriction sites designated on this 
10 map are not exact. Conventional nucleotide sequenc- 
ing would enable determination of the exact location 
of those sites. 

Figure 4 depicts a partial restriction 
map of the cDNA sequences of HLA-DR-p-A, HLA-DR-p-B, 
15 HLA-DR-p-C and HLA-DR-p-D. 

Figure Jk depicts the sequencing strategy 
GfAanii^ of the 

cDNA sequence HLA-DR-p-A. 

Figxoxe™6„„depd^%s a Cdmparis 
&cid sequence deduced from the cDNA sequence 
HLA-DR-p-A, the amino acid sequence determined by 
Kratzin for an la antigen 0 -chain isolated from a 
DR2 homozygous line and the amino acid sequence 
deduced from a cDNA clone isolated by Larhammar from 
25 a DR3, w6 cell line. 

"Figures 7^ depicts the nucleotide and amino 
acid sequences of cDNA sequence HLA-DR-p-B. 

Figure 8 is a Southern blot of DNA from 
four individuals (DR 7/7, 6/6, 3/6 and 1/1) typed 
30 using one embodiment of a typing process of this 
invention. 

Figure 9 depicts three regions of nucleo- 
tide sequence mismatch between the coding regions 
of cDNA clones HLA-DR-p-A and HLA-DR-p-B. In 
35 Figure 9, the black circles designate the nucleotide 
mismatches and the boxes the 19-mers prepared from 
these sequences. 





BEST MODE OF CARRYING OUT THE INVENTION 

In order that the invention herein 
described may be more fully understood, the following 
detailed description is set forth. 
5 In the description the following terms 

are employed: 

Nucleotide — A monomer ic unit of DNA or 
RNA consisting of a sugar moiety (pentose), a phos- 
phate, and a nitrogenous heterocyclic base. The 

10 base is linked to the sugar moiety via the glycosidic 
carbon (1 ! carbon of the pentose) and that combina- 
tion of base and sugar is called a nucleoside. The 
base characterizes the nucleotide. The four DNA 
bases are adenine ("A"), guanine ( "G" ) , cytosine 

15 ("C"), and thymine ("T"). The four RNA bases are 

A, G, C and uracil ("U"). 

DNA Sequence — A linear array of nucleotides 
connected one to the other by phosphodiester bonds 
between the 3 f and 5 1 carbons of adjacent pentoses. 

20 Codon— A DNA sequence of three nucleotides 

(a triplet) which encodes through mRNA an amino acid, 
a translation start signal or a translation termina- 
tion signal. For example, the nucleotide triplets 
TTA, TTG, CTT, CTC, CTA and CTG encode for the amino 

25 acid leucine ("Leu"), TAG, TAA and TGA are transla- 

tion stop signals and ATG is a translation start 
signal. 

Reading Frame — The grouping of codons 
during translation of mRNA into amino acid sequences. 
30 During translation the proper reading frame must be 
maintained. For example, the sequence GCTGGTTGTAAG 
may be translated in three reading frames or phases, 
each of which affords a different amino acid sequence 
GCT GGT TGT AAG — Ala-Gly-Cys-Lys 
35 G CTG GTT GTA AG — Leu-Val-Val 

GC TGG TTG TAA G — Trp-Leu- ( STOP ) 
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Polypeptide — A linear array of amino acids 
connected one to the other by peptide bonds between 
the a -amino and carboxy groups of adjacent amino 
acids ♦ 

5 Genome — The entire DNA of a cell or a 

virus. It includes inter alia the genes coding for 
the polypeptides of the cell or virus, as well as 
its operator, promoter and ribosome binding and 
interaction sequences, including sequences such as 
10 the Shine-Dalgarno sequences. 

Gene — A DNA sequence which encodes through 
its template or messenger RNA ("mRNA") a sequence 
of amino acids characteristic of a specific 
polypeptide . 

15 Transcription — -The process of producing 
mRNA from a gene or DNA sequence. 

Translation — The process of producing a 
polypeptide from mRNA* 

Expression —The process undergone by a 
20 DNA sequence or gene to produce a polypeptide. It 
is a combination of transcription and translation. 

Plasmid~A non-chromosomal double-stranded 
DNA sequence comprising an intact "replicon" such 
that the plasmid is replicated in a host cell. When 
25 the plasmid is placed within a unicellular organism, 
the characteristics of that organism may be changed 
or transformed as a result of the DNA of the plasmid. 
For example, a plasmid carrying the gene for tetra- 

R 

cyclme resistance (Tet ) transforms a cell pre- 
30 viously sensitive to tetracycline into one which is 
resistant to it. A cell transformed by a plasmid 
is called a "transf ormant" . 

Phage or Bacteriophage — Bacterial virus, 
many of which consist of DNA sequences encapsidated 
35 in a protein envelope or coat ("capsid protein"). 

Cloning Vehicle — A plasmid, phage DNA or 
other DNA sequence which is able to replicate in a 
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host cell, which is characterized by one or a small 
number of endonuclease recognition sites at which 
such DNA sequences may be cut in a determinable 
fashion without attendant loss of an essential bio- 
5 logical function of the DNA, e.g., replication, pro- 
duction of coat proteins or loss of promoter or 
binding sites, and which contains a marker suitable 
for use in the identification of transformed cells, 
e.g., tetracycline resistance or ampicillin resist- 
10 ance. A cloning vehicle is often called a vector. 

Cloning — The process of obtaining a popu- 
lation of organisms or DNA sequences derived from 
one such organism or sequence by asexual 
reproduction. 

15 Recombinant DNA Molecule or Hybrid DNA — A 

molecule consisting of segments of DNA from different 
genomes, which have been joined end-to-end outside 
of living cells and which have the capacity to infect 
some host cell and be maintained therein. 

20 Expression Control Sequence — -A sequence 

of nucleotides that controls and regulates expression 
of DNA sequences or genes when operatively linked 
to those sequences or genes. They include the lac 
system, the trp system, major operator and promoter 

25 regions of phage \, the control region of fd coat 
protein and other sequences known to control the 
expression of genes of prokaryotic or eukaryotic 
cells or their viruses. 

Referring now to Figure 1, we have shown 

30 therein a simplified diagram of chromosome 6 and 
the location of HLA loci on the short arm of that 
chromosome. In view of the complexity of the HLA 
system, it was important to develop a mRNA trans- 
lation assay that would distinguish between the 

3 5 various la-like antigens and the various HLA-DR 
antigens themselves. 
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Cell-free translation systems , like the 
rabbit reticulocyte lysate system, will not process 
or assemble multimeric proteins. On the other hand, 
oocytes of the clawed toad Xenopus laevis have been 
5 used as a translational system for a variety of pro- 
teins- Accordingly, we chose to investigate this 
latter system to assay for mRNA encoding the DR anti- 
gens. Using that system, we demonstrated that the 
three polypeptide chains of the HLA-DR antigens 
10 assemble in the oocytes and can be immunoprecipitated 
from them with anti-DR monoclonal antibodies. There- 
fore, this oocyte system provided to us an assay to 
select mRNA-encoding DR antigens. 

Using mRNA-encoding DR antigen-rich frac- 
15 tions, identified in the above assay, we prepared 

cDNA from the mRNA, cloned it and selected and iso- 
lated clones containing the DNA sequences encoding 
the DR ^ -chain antigens of this invention. These 
DNA sequences were then employed in the processes 
20 and products of this invention to determine compati- 
bility for tissue and organ transplants and to 
determine increased susceptibility of an individual 
to a wide variety of y^i^a^s^^^ T^§se DNA sequences 



are also useful in aj^^^ai^ nbsts to produce 
25 the antigens for which they encode, substantially 
uncontaminated by other HLA-DR factors, for use in 
diagnosis, therapy and the prevention of disease. 

EXAMPLE 

PREPARATION OF HLA-DR CONTAINING POLY A* RNA 

30 We grew a human p lymphoblastoid cell line, 

Raji cells, (a heterozygous cell line having two DR 
genes, DR3 and DR6) in RPMI 1640 medium, supplemented 
with 10% fetal calf serum, glutamine and gentamicin, 
substantially as described by S . Carrell et al . , 

35 Mol. Immunol , 18, pp. 403-11 (1981). To provide a 
marker for following the products of the cells, we 
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metabolically-labelled the cells by incubation for 
16 h at 37°C at a concentration of 2 x 10 6 cells/ml 
in complete methionine- free medium, supplemented 
with 1 mCi 35 S-methionine per 50 x 10 6 cells. To 
5 produce unglycosylated DR molecules for our assays, 

we added tunicamycin at 2 yg/ ml 2 h before the addi- 
tion of the 35 S-methionine. 

We lysed the frozen cell pellets in ice- 
cold lysis buffer (10 mM Tris-HCl (pH 7.6), 0.1 M 

10 NaCl, 1% Nonidet P40) (1 ml buffer/10 8 cells) by 

vortexing four times for 15 sec, at 1 min intervals, 
and centrifuged the lysed cells (4°C, 4 min, 
4000 rpm) in a Beckman J-6 centrifuge (4500 x g). 
We then loaded 4 ml of the cytoplasmic supernatant 

15 over the following gradient in an SW41 polyallomer 
tube: 2 ml CsCl (5.7 M) in 10 mM Tris-HCl (pH 7.4), 
1 mM EDTA; 4.2 ml of a linear gradient of 40% to 
20% (W/V) CsCl in 20 mM Tris-HCl (pH 7.4), 2 mM EDTA 
and 0.8 ml 5% (W/V) sucrose in 20 mM Tris-HCl 

20 (pH 7.4), 0.1 M NaCl, 4 mM EDTA. After equilibrating 

the gradients at 14°C, we pelleted the RNA (14°C, 
14 h, 37000 rpm). For larger RNA preparations, we 
used SW27 tubes at 26000 rpm for 16 h at 14°C. 

To recover the RNA from the tubes , we 

25 inverted the tubes and cut off the bottoms. We then 
dissolved the RNA in 10 mM Tris-HCl (pH 7.4), 1 mM 
EDTA, adjusted the mixture to 0.3 M sodium acetate 
(pH 5.0) and precipitated the RNA with 2 vol ethanol. 
We again dissolved the RNA in 10 mM Tris-HCl 

30 (pH 7.4), 1 mM EDTA and 1% SDS, heated it at 100°C 
for 2 min and cooled the mixture to room tempera- * 
ture. After addition of 1 vol 10 mM Tris-HCl 
(pH 7.4), 1 mM EDTA, 1 M NaCl, we loaded the RNA 
onto an oligo(dT) cellulose column (Collaborative 

35 Research) and eluted the poly A + RNA fraction with 
H 2 0 and precipitated it twice with EtOH in the 
absence of EDTA (Figure 2). 
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We size fractionated the poly A + UNA on 
an agarose-urea gel, using a buffer system (6 M urea 
in 25 mM sodium citrate (pH 3-8)), substantially as 
described by Rosen et al.. Biochemistry (Wash*)/ 
14, pp. 69-78 (1975)* (Figure 2). This buffer system 
is well suited for high capacity and high resolution 
fractionation* It is also fully denaturing [EL 
Lehrach et al., Biochemistry , 16, pp. 4743-51 
(1977)]. 

To carry out the poly A + RNA fractionation 
we dissolved 500 pg poly A + RNA in 100 \xl 10 mM 
Tris-HCl (pH 7.4), 1 mM EDTA, 0.5% SDS, added 200 pi 
DMSO (99%) and adjusted the solution to 1 mM EDTA 
and pH 8.0. We then heated the solution at 45 °C 
for 5 min and loaded it on to a 4 x 0.5 cm slot (2.5% 
agarose gel ) . We electrophoresed the gel in the 
cold for 36 h f until the bromophenol blue reached 
the bottom of the gel^^To ttepoxe various size frac- 
tions (700-1600 nfflfe^^^^S^ength) , we cut out 
2 mm slices along the gel and dispersed the fractions 
with an Ultra-Turrax in 4 ml 10 mM Tris-HCl (pH 7.4), 
10 mM EDTA, 0.5 M NaCl, 0.1 mg/ml E. coli tRNA. 
After adjusting the dispersed suspension to 0.5% 
SDS, we shook it overnight and then isolated the 
poly A + RNA from the supernatant by chromatography 
over small oligo(dT) -cellulose columns and precipi- 
tated it twice with EtOH in the absence of EDTA. 
We monitored recovery by including 3 f end-labelled 
Raji mRNA in the sample before the preparative gel 
electrophoresis. 

To assay the HLA-DR activity (if any) of 
the various poly A + RNA fractions, we translated 
the RNA in oocytes and iramunoprecipitated the 
products with three monoclonal antibodies Dl-12, 
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D4-22 and BT 2.2.* In this assay we manually iso- 
lated stage 6 oocytes from Xenopus laevis ovaries 
after a 90-120 min incubation at room temperature 
with agitation in 0.2% crude collagenase (Sigma 
CrO^^A±nCA ++ -free OR2 medium [Wallace et al. , 
i r^TO. Tteol r, 184, pp. 321-34 (1973)]. We then 
injected the oocytes with 20 ng poly A + RNA in 50 nl, 
substantially as described by V. A. Moar, J. Mol. 
Biol . , 61, pp. 63-103 (1971) and incubated them for 
24 h in OR2 medium containing 0.5 mCi/ml 3 ^-methio- 
nine and 50 units/ml penicillin and streptomycin. 
After incubation, we homogenized the oocytes, sub- 
stantially as described by Rungger and Turler, Proc. 
Natl. Acad. Sci. USA , 75, pp. 6073-77 (1978), except 
that 1 ml of buffer was used per 50 oocytes.** 

We then adjusted the supernatant from the 
oocyte homogenate to 2 ml with 0.15 M NaCl, 0.25% 
Nonidet P40 and loaded it over a 1 ml column of 
lentil lectin-Sepharose (Pharmacia). After washing 
the column extensively with that buffer, we eluted 
the glycosylated material with the same buffer, con- 
taining 0.1 M a-methyl mannoside (1.3% 35 S-methionine 
counts were eluted in the bound fraction). In subse- 
quent cloning experiments we omitted the lentil 
column. 

The glycosylated material from the lentil 
lectin column was then adjusted to pH 8.0 with 



* These monoclonal antibodies and their activities 
have been previously reported [S. Carrel et al., 
Mol. Immunol. . 18, pp. 403-11 (1981) (Dl-12, D4-22); 
R.S. Accolla et al., Eur. J. Immunol. , 12, pp. 166-69 
(1982) (BT 2.2).] 

** To prepare non-glycosylated products for assay 
studies, we incubated the oocytes in the presence 
of 5 yg/ml tunicamycin for 12 h, injected them with 
RNA (50 nl) containing 40 \ig/ml tunicamycin and incu- 
bated them for 24 h in DR medium containing 5 \tg/ml 
tunicamycin substantially as described by Colman 
et al., Eur. J. Biochem. , 113, pp. 339-48 (1981). 



Tris-HCl (pH 7*0) and to 1% Aprotenin (Sigma) and 
we added 20 ill PX63 ascites per ml. After incubation 
for more than 2 h in the cold and incubation for 
another 2 h in the presence of excess protein-A- 
5 Sepharose (Pharmacia), we added 20 m1 P«r ml of a 
mixture of anti-DR monoclonal antibodies (Dl-12, 
D4-22, BT 2.2) in the form of ascites fluid. This 
corresponds to 1 pi of ascites per injected oocyte. 
After incubation overnight at 4°C, we spun down the 
10 samples for 3 man (Eppendorf microfuge) and discarded 
the pellets. This centrifugation is important in 
avoiding high background in the assay due to aggre- 
gated material. 

We then added Protein A-Sepharose to the 
15 supernatant and continued incubation for 4 h. The 
immunoprecipitates were collected by centrifugation 
(microfuge) and washed twice in about 400 jjI 50 mM 
Tris-HCl (pH 7.4), 5 mM EDTA, 0.15 M NaCl, 1% Nonidet 
P40, 10 mM methionine, 1% Aprotenin, three times 
20 with about 400 \sl of the same buffer without Apro- 
tenin and 0.15 M Nad, but with 0.5 M NaCl, and twice 
in about 400 pi 10 mM Tris-HCl (pH 7.4), ImM EDTA, 
0.15 M NaCl, 0.5% Nonidet P40. 

We then dissolved the immunoprecipitates 
25 in 25 pi 0.5 M Tris-HCl (pH 8.8), 1 M sucrose, 5 mM 

EDTA, 0.01% bromophenol blue, 3% SDS and 8.3 mM 
dithiothreitol by heating at 100 °C for 3 min and 
loaded the solution onto a 12% poly acryl amide SDS 
gel. We ran the gel in two dimensions, with non- 
30 equilibrium pH gradient electrophoresis in the first 
dimension, substantially as described by P. Z. 
O'Farrell et al., Cell , 12, pp. 1133-42 (1977). We 
fixed the gels in 10% trichloroacetic acid, treated 
them with Enhance (New England Nuclear), washed them 
35 in 20% methanol and 3% glycerol and dried them. We 
exposed the dried gels to pref lashed Kodak X-AR film 
with intensifying screens (Cawo) at -70°C. 
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Using this assay, we identified fraction 
31, containing mRNA's 1200-1300 nucleotides long as 
the fraction containing RNAs coding for the a, inter- 
mediate and p -chains of HLA-DR. The RNA of this 
5 fraction was enriched about 20-fold over total poly 
A + RNA. 

Our assay of the size- fractionated RNA 
was based on a number of previous analyses of trans- 
lated RNAs and DR antigens from Raji cells. From 

10 these analyses we had determined that the oocytes 
translated the RNA coding for the or, intermediate 
and p -chains of HLA-DR, glycosylated those antigens 
and assembled them. We had also determined that 
the assembly was immunoprecipitated by monoclonal 

15 antibodies Dl-12, D4-22 and BT 2.2, but that only 
the p -chains were immunoprecipitated with BT 2.2, 
after the antigen assemblies were denatured. We 
had also determined that the a -chain had an apparent 
molecular weight of 35000-36000, the intermediate 

20 chain had about a 33000 apparent molecular weight 
and the p -chains had apparent molecular weights of 
31000 and 29000 in the SDS-polyacryl amide gels. In 
addition, the non-glycosylated species appeared as 
follows: 30000 and 29000 (cr-chain), 27000 (inter- 

25 mediate) and 27000 and 26000 (p-chains). 

CONSTRUCTION OF cDNA CLONES 

1. Preparation of HLA-DR cDNA 

To prepare a single-stranded cDNA copy of 
the poly A + RNA of Fraction 31, we denatured the 
30 RNA by adding CH 3 Hg to 5mM and allowed the mixture 
to stand at room temperature for 1 min. We then 
added to the denatured RNA 1 ml/40 yg RNA of a buffer 
(50 mM Tris-HCl (pH 8.3), 10 mM MgCl 2 , 70 mM KC1, 
30 mM p~mercaptoethanol, 4 mM sodium pyrophosphate), 
35 0.5 mM dGTP, dATP and dTTP, 0.3 mM a- 32 P-dCTP 
0.5 pCi/nmole), 40 pg/ml oligo (dT) 12-18 
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( Collaborative Research) and 300 units/ml reverse 
transcriptase (Life Sciences, Inc.) and heated the 
mixture at 37°C for 10 min and at 42°C for 60 min 
[Wahli et al., Dev. Biol, , 67, pp. 371-83 (1978)] 
5 (Figure 2).* We stopped the reaction by adding to 
this mixture EDTA to 10 mM and SDS to 0.1% and 
extracted the mixture with phenol/chloroform/iso- 
amylalcohol (100:99:1). We washed the aqueous phase 
over a Sephadex G-50 superfine column in 10 mM 

10 Tris-HCl (pH 7.6), 1 mM EDTA. We then made the 

eluted mixture 0.5 N in NaOH, incubated it for 30 min 
at 37°C, neutralized it with 0.1 vol each of 5 M 
HOAc and 1 M Tris-HCl (pH 7.6) and ethanol precipi- 
tated the single-stranded cDNA. After collecting 

15 the cDNA by centrifugation, we resuspended it in 
50 ul 0.5 N NaOH, incubated it for 30 min at 37°C 
and layered it onto a 4 ml 5-20% alkaline sucrose 
gradient in 0.9 M NaCl, 0.1 M NaOH, 2 mM EDTA. We 
size fractionated the layered cDNA in an SW 60 rotor 

20 (50000 rpm, 1°C, 7.5 h) and pooled the fractions 
containing cDNA having a length of more than 1000 
nucleotides. We neutralized the pooled DNA and 
precipitated it as before (Figure 2). 

We prepared double-stranded cDNA from the 

25 above-pooled fractions by denaturing the cDNA by 

heating it at 68 °C for 90 sec and quick chilling it 
in ice. We then prepared the following reaction 
mixture: single stranded cDNA (40 pg/ml), 50mM 
Tris-HCl (pH 8.3), 10 mM MgCl 2 , 70 mM KCl, 30 mM 

30 p-mercaptoethanol, 0.5 mM of each dNTP and 300 

units/ml reverse transcriptase and heated the mixture 
for 10 min at 37°C and for 90 min at 42°C. We again 
stopped the reaction by the addition of EDTA to 10 mM 



35 * The addition of the sodium pyrophosphate causes 
a precipitate which disappears when the reaction is 
stopped. 



* 
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and extracted it with phenol/chloroform/isoamylal- 
cohol (100:99:1) and chromatographed it over a 
Sephadex G-50 column in 10 mM Tris-HCl (pH. 7*6), 
1 mM EDTA. 

5 We nicked the hairpin loop in our double- 

stranded cDNA preparation with S t nuclease in a 
reaction mixture containing 60 mM NaCl, 6 mM NaOAc 
(pH 4.8), 0.5 mM ZnCl 2 , ~30 (jg/ml double-stranded 
cDNA, 100 units/ml S x nuclease (P-L Biochemicals ) 
10 by heating the mixture for 30 min at 37°C. We 

stopped the reaction by the addition of EDTA to 10 mM 
and Tris-HCl (pH 7.6) to 100 mM^^^ya^ted^; mix- 
ture with phenol/chlorofonn/i 

and purified it by washing it through a Sepharose 
15 CL-GB column with 10 mM Tris-HCl (pH 7.6), 1 mM EDTA. 

We then precipitated the cDNA with EtOH as before. 

2. Cloning of HLA-DR cDNA 

A wide variety of host/cloning vehicle 
combinations may be employed in cloning double- 
20 stranded cDNA. In addition, within each specific 
cloning vehicle various sites may be selected for 
insertions of the double-stranded cDNA. It should 
be understood that the particular selection from 
among these various alternatives for cloning the 
25 DNA sequences of this invention may be made by one 

of skill in the art without departing from the scope 
of this invention. 

For our initial cloning work, we chose 
the bacterial plasmid pBR322 (F. Bolivar et al., 
30 "Construction And Characterization Of New Cloning 

Vehicles II* A Multi-Purpose Cloning System", Gene , Z~(j^[) 
pp. 95-a|ilr (1977); J. G. Sutcliffe, "pBR322 Restri- 
ction kayj^erived From The DNA Sequence: Accurate 
DNA Size Markers Up To 4361 Nucleotide Pairs Long", 
35 Nucleic Acids Research , 5, pp. 2721-28 (1978), the 

PstI site therein [L. Villa-Komaroff et aL, "A 
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Bacterial Clone synthesizing Proinsulin", Proc. Natl. 
Acad. Sci. USA , 75, pp. 3727-31 (1978)], dC/dG tail- 
ing [L. Villa-Komaroff et al., supra] and E. coli 
HB101. 

a* Preparation of PstI -cleaved, 
dG-tailed pBR322 

We digested pBR322 with Pst I using standard 
conditions- We then prepared a reaction mixture of 
200 mM K-cacodylate, 50 mM Tris-HCl (pH 6.9), 10 mM 
MgCl 2/ 1 mM dGTP, 200 pg/ml linearized pBR322 and 
25 units/ml terminal transferase . After heating 
the mixture at 37 °C for 45 min, we stopped the reac- 
tion by adding EDTA to 10 mM and SDS to 0.5% and 
chilled the mixture in ice for 15 min and prepared 
the supernatant for annealing to dC-tailed HLA-DR 
cDNA by centrifugation ( micro fuge, 2 min, 4°C) 
(Figure 2) * 

b. Preparation of dC-tailed HLA-DR cDNA 

We added dC tails to the CDNA, prepared 
above, in a reaction mixture containing 200 mM K- 
cacodylate, 50 mM Tris-HCl (pH 6.9), 1 mM dCTP, 
100 yg/ml BSA (Pentex), ~2 pg/ml cDNA and 125 
units/ml terminal deoxynucleotidyl transferase (P-L 
Biochemicals) by heating the mixture at 37°C for 
between 1 and 6 min. We selected^ the optimal reac- 
tion time (usually about 4 min) by using small ali- 
quots. We then used that time to tail the cDNA. 
We again stopped the reaction by adding EDTA to 10 mM 
and SDS to 0.5% and by chilling the mixture in ice 
for 15 min. We isolated the dC- tailed cDNA for 
annealing to the dG-tailed Pst -cleaved pBR322 by 
centrifugation (micro fuge, 2 min. 4°C) (Figure 2). 
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c. Annealing of dC-tailed cDNA 
and dG-tailed PBR322 

We combined 40 ng of the dC-tailed cDNA 
prepared above and 250 ng of the dG-tailed, Pst- 
5 cleaved pBR322 prepared above in annealing buffer 

(10 mM Tris-HCl (pH 7.6) , 1 mM EDTA, 0.2 M NaCl) at 
68 °C for 2 h, followed by slow cooling (Figure 2). 

It should be understood that only a few 
of the recombinant DMA molecules prepared above will 
10 actually contain a DNA sequence coding for the 0 or 

light chains of HL&-DR, the chains encoding the major 
polymorphic ^^4jfWhe HLA-DR |4&Q^&. In fact, 
the majority of the cloned species will be unrelated 
to HLA-DR or to the 0 -chains thereof. 

15 3. Transfection of 

E.coli HB101 with Hybrids 






etent E . coli HBlOl 
(rec A~) with the above described hybrids substan- 
tially as described by D. Morrison, J. Bacteriol. , 
20 132, pp. 349-51 (1977). 

Since plasmid pBR322 includes the genes 
coding for ampicillin resistance and tetracycline 
resistance and since the former gene is inactivated 
by cDNA insertion at the PstI site, colonies that 
25 have been transformed with recombinant DNA molecules 
having cDNA inserts at the Pst I site may be selected 
from colonies that have not been so transformed. 
Accordingly, we plated out E. coli cells transformed, 
as above, on washed and autoclaved Schleicher & 
30 Schuell nitrocellulose filters containing 10 pg/ml 
tetracycline [D. Hanahan and M. Meselson, Gene , 10, 
pp. 63-67 (1980)]. Using this procedure we prepared 
550 cDNA clones (Figure 2). 

SCREENING FOR A CLONE CONTAINING HLA-DR CDNA 



35 



There are several approaches to screen a 
library of clones for a clone containing a particular 
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recombinant DNA molecule, i.e, one containing an 
HLA-DR-p -chain related DNA insert. These methods 
are well known in the art. For our initial clone 
screening we chose to use high criteria positive 
hybridization selection to poly A + RNA on diazoben- 
zyloxymethyl paper (Schleicher & Schuell). Our 
protocol was modified from the procedure of Goldberg 
et al., Methods Enzymol ♦ 68, pp. 206-20 (1979) . As 
experimental basis for our hybridization, we had 
calculated that we should be able to detect one 
DR-p-cDNA-related clone in a pool of 50 colonies. 

We divided 550 selected clones into 11 
groups of 50 clones each and grew the pools in 
L-broth, supplemented with 10 MS/nil tetracycline. 
We then amplified the plasmids with chloramphenicol 
(50 [sg/ml) overnight and prepared plasmid DNA from 
the pools using the conventional cleared lysate CsCl 
gradient procedure. We then treated the plasmid 
DNA with 0.5% diethylpyrocarbonate and passed it 
over a Sepharose B column (10 mM Tris-HCl (pH 7.6), 
1 mM EDTA) to remove any contaminating small RNA 
molecules. We partially depurinated the plasmid 
DNA in 0.25 N HCl for 10 min at room temperature, 
adjusted the mixture to 0.5 N NaOH, 0.5 M NaCl incu- 
bated it for 20 min, neutralized it with HCl and 
precipitated the DNA twice with EtOH. We then pre- 
pared diazobenzyloxymethyl paper (Schleicher & 
Schuell) and covalently bound to it the above pre- 
pared DNA, substantially as described by Goldberg 
et al., supra . We monitored retention of the DNA 
by including a P-labelled DNA tracer in the mix- 

2 

ture. On average we bound 15 pg DNA to each 1 cm 
filter. 

We prehybridized the filters in 50% forma- 
mide (recrystallized twice and deionized), 20 mM 
PIPES (pH 6.4), 0.75 M NaCl, 2 mM EDTA, 0.4% SDS, 
1% glycine, 0.3 mg/ml and E. coli tRNA, 0.1 mg/ml 
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poly A at 37°C for 2-4 h. For hybridization, we 
treated the eleven filters in * 200 ml of the same 
buffer without glycine, tRNA and poly A at 37°C for 
20 h with 300 |jg total poly A + SNA (prepared above). 
5 We then washed the filters three times with hybridi- 
zation buffer at 37°C for 30 min, three times at 
22°C for 30 min with 10 mM Tris-HCl (pH 7.4), 1 mM 
EDTA, 0.1 M NaCl, 0.1% SDS and three times at 50°C 
for 10 min with 10 mM Tris-HCl (pH 7.4), 1 mM EDTA. 

10 We eluted the hybridized RNA in two por- 

tions with 150 pi 5 mM Tris-HCl (pH 7.4), 0.5 mM 
EDTA, 6 \*g/ml rabbit tRNA by heating the filter-con- 
taining solution at 98°C for 75 sec. We then 
adjusted the mixture to 0*3 M NaOAc (pH 5.0) and 

15 precipitated the RNA twice with EtOH. 

We complemented the RNA from above with 
mRNA for the HLA-DR a -chain and intermediate chain 
(selected from 25 pg poly A + RNA under conditions 
of cDNA excess and confirmed by oocyte assay) and 

20 injected the complemented RNA into oocytes for assay 
as previously described. We complemented the RNA 
to increase the level of immunoprecipitation and to 
enhance our chances of finding a possible clone. 
In order to monitor the presence of any cr-chain and 

25 intermediate chain antigens synthesized by oocytes, 
we immunoprecipitated one fourth of each oocyte 
extract with anti-DR rabbit serum 133 [Carrell 
et al., Mol. Immunol. , 18, pp. 403-411 (1981)] that 
binds free a -chains and intermediate chains. The 

30 remaining 3/4 of each oocyte extract was immunopre- 
cipitated with a pool of anti-DR-monoclonal anti- 
bodies (Dl-12, D4-22, BT 2.2). In 2 of the 11 pools 
a small amount of DR- antigen (p) was synthesized in 
the injected oocytes.* 



* In some pools, an additional band of 37000 
daltons was also immunoprecipitated. This protein 
was not identified. 



We divided^ the two positive pools into 
IT groups of 10 clones each andJiybridized and assayed 
them as before* One ^ooi" out^the S^n-^^r^roiap 





ag^n positive. We then dividefa^rhe twd^positive 
into 10 groups of single clones each and 
hybridized and assayed them as before. We selected 
two positive clones: clone 68-6 and clone 83-7. 

Clone 83-7 selected DR-0 chain mRNA very 
efficiently under the conditions of hybridization. 
10 This mRNA produced in oocytes an antigen that was 
immunoprecipitated with the pool of anti-DR mono- 
clonal antibodies (Dl-12, D4-22, BT 2.2) in the 
absence of co^lemeptation with a and intermediate 
chain RNA. Qo^M^skE^r cplone 68-6 was much less 
15 efficient in selecting DR-p -chain mRNA. Clone 83-7 
had an insert of 180 bp and clone 68-6 an insert of 
470 bp. The inserts did not cross hybridize. 

Referring now to Figure 3 , we have dis- 
played therein the location of the cDNA insert of 
20 clone 83-7 in the DR domain and the location of the 
cDNA insert of clone 68-6 in the la-like domain. 
The la-like domain refers to a region of the HLA 
loci (Figure 1). Clone 68-6 is designated la because 
it represents a region that is related to, but is 
25 not identical to, HLA/DR. 

We also analyzed RNA homologous to these 
two cDNA clones by gel-transfer hybridization. Both 
cDNA clones hybridized with poly A + RNA of about 
1300 nucleotides in length, expressed in two B-cell 
30 lines and in B-cells from a patient with chronic 
lymphocytic leukemia, but absent in three T-cell 
lines, pancreas and liver. The 68-6 cDNA insert 
also hybridized to a minor RNA band 1650 nucleotides 
long, while the 83-7 cDNA insert hybridized to 
35 another RNA band 1900 nucleotides long. 
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SCREENING FOR RAJI -DERIVED CLONES 
HYBRIDIZING TO CLONES 83-7 AND 68-6 

We employed the DNA inserts of clones 83-7 
and 68-6 as probes to screen more extensive libraries 
of total poly A + RNA-derived clones (Raji cells), 
prepared in substantially the same way as above, to 
locate other preferably longer and more complete 
DNA sequences from the HLA-DR ^ coding region. 

We excised the inserts from the plasmid 
DNA of the two clones by Pst I digestion and purified 
them by neutral sucrose gradient centrifugation and 
aery 1 amide gel electrophoresis* We passed the eluted 
fragments over DEAE columns and labelled the purified 
inserts, substantially as described by M. Grunstein 
and D. Hogness, "Colony Hybridization: A Method 
For The Isolation Of Cloned DNAs That Contain A 
Specific Gene", Froc. Natl. Acad* Sci. USA , 32^r ' 
pp. 3961-65 (1975); Rigby et al., J. Mol. Biol. , 

8 

113, pp. 237-51 (1977), to 2 x 10 cpm/pg by nick 

32 

translation with (or- P) nucleotides and DNA poly- 
merase I (Boehringer-Mannheim) [Rigby et al., supra ] . 
We then used this probe to screen our libraries for 
longer hybridization-related cDNA clones using high 
criteria conditions (infra). 

From this screening we isolated a number 
of clones containing longer cDNA inserts. The 
inserts of these clones were designated DR-p x , DR-p 2 
and Ia-p t . The regions spanned by these inserts 
are depicted in Figure 3. As depicted in Figure 3, 
the DNA inserts DR-Pi and DR-0 2 are related to the 
DR loci while Ia-p x is related to the less defined 
la region. 

We also carried out cross hybridization 
experiments with various fragments of these clones 
at several hybridization criteria to determine the 
degree of homology between the different cDNA clones 
that we had selected. DNA sequences from the 3 1 



• 
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untranslated portion of the cDNA clones did not 
cross-hybridize at a high criterium (5°C below Tm), 
at an intermediate criterium (24°C below Tm) or even 
at a low criterium (43°C below Tm) . Conversely, 
5 DNA sequences, at the 5 f end of clones, encoding 

the first domain of la-like region, rather than the 
DR 0 -chain loci, did cross-hybridize at the inter- 
mediate criteria. Therefore DR-related DNA sequences 
do not cross-hybridize^^ but 
10 0—s la-related sequences croas^^b-rk^S to cfcher la- 
—^related sequences. 

RESTRICTION MAPPING OF cDNA INSERTS 

We mapped the HLA-r elated inserts of our 
various cDNA clones by restriction analysis using 
15 single and double digestions with various restriction 
endonucleases . We employed the conditions and 
buffers recommended by the endonuclease suppliers 
(New England Biolabs, Bethesda Research Lab, 
Boehringer) and analyzed the resulting fragments on 
20 agarose gels. 

Referring again to Figure 3, we have 
depicted therein the partial restriction maps of 
various cDNA inserts located in our screening 
process. The actual location of the restriction 
25 sites depicted in Figure 3, of course, is inexact. 

Nucleotide TO^^^e^lBi^g conventional methods will 
properly locate the particular sites well as 
other predicted sites. 

As noted previously, Raj i cells are hetero- 
30 zygous, i.e., DR 3/6. Therefore, the fact that two 
different sequences DR-0 x and DR-0 2 were located in 
cDNA produced from those cells does not convincingly 
demonstrate that the two DNA sequences that charac- 
terize those clones originate from different families 
35 of 0 -chain coding sequences. Instead, the two may 
be allelic varients of the two DR types of the 
heterozygous cell line. 
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SCREENING FOR IBW 9 DERIVED CLONES 
HYBRIDIZING TO CLONE PR-Pi 

We employed the DNA insert DR-p x as a 
hybridization probe to screen a library of 20,000 
total poly A + RNA clones derived from a human p cell 
line, IBW 9. We prepared this library substantially 
as described for our Raji cell l^raaryA^ IBW 9 is a 
cell line that was ^igii^ally Jcno^S^o be homozygous 
^for HLA by was, however, subse- 

10 quently typed independently by two laboratories as 
a DR4, w6 heterozygous line. 

We had employed what we thought was a homo- 
^ zygous cell line to avoid the, aforemen^oned possibil- 
l^Jty of the (^^f^ 
15 ism that may be present in heterozygous cell lines, 
like Raji cells. In contrast to heterozygous lines, 
p -chain clones detected in clones from homozygous 
cells lines will, by definition, represent different 
p -chain gene families. However, as noted above, 
20 the line employed by us was in fact heterozygous. 

As a result of our screening of this 
heterozygous cell line-derived library, we located 
four families of HLA-DR- related DNA sequences. We 
designated these families of coding sequences DR-p-A, 
25 DR-p-B, DR-p-C and DR-p-D on the basis of restriction 
mapping.* It should, of course, be understood that 
other p-chain families may also exist. For example, 
Accolla, supra , has predicted 7 such families. Such 
fj^^ies are part of this invention because they 

Selected using the DR-pi, DR-p 2 , DR-p-A, 
DR-p-B, DR-p-C or DR-p-D sequences of this invehtion 




* The clones including those inserts are desig- 
nated E.coli HB101 (pBR322(Pst)/HLA-DR-p-A through 
35 D) to connote that they are E.coli HB 101 cells that 
have been transformed with a recombinant DNA molecule 
comprising pBR322 which carries at its Pst I restric- 
tion site the particular HLA-DR-p related DNA insert. 
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or fragments thereof in hi gh cri^rium Jiybr i diz ati on , 
substantially as described niSe^^^orusing other 
similar procedures. 

Ipjies, 4* omc four families of DR-p clones 
oughout their coding and 
non-coding regions. They may be distinguished by 
restriction mapping and also by cross-hybridization 
at very high stringencies (Figure 4). Therefore, 
they most likely represent four mRNAs derived from 
four different DR-genes* Because they are derived 
from a cell line heterozygous for DR (4, w6), the 
four DR-0 genes are believed to represent at least 
two non-allelic loci encoding DR-p chains. This 
conclusion is also supported by an analysis of 
genomic DNA clones that we isolated from the same 
p-cell line using our pi probe. 

NUCLEOTIDE SEQUENCING OF cDNA INSERTS 

For nucleotide sequencing , we prepared 

restriction fragments, as above, from the DNA inserts 

DR-0-A, DR-p-B, DR-p-C and DR-p-D, extracted them 

from acryl amide gels and purified them over DEAE- 

cellulose columns. We 3 f labelled the fragments 
32 

with (.a- P) cordyapin- 5 1 -triphosphate (Amersham) 
and terminal deoxynucleotidyl transferase (P-L Bio- 
chemicals) or 5 f labelled them with calf intestinal 
phosphatase (a gift of S. Clarkson) and polynucleo- 
tide kinase (F-L Biochemicals ) ♦ We sequenced the 
labelled fragments substantially as described by 
Maxam and Gilbert, "A New Method For Sequencing DNA", 
Proc, Natl. Sci. USA , 74, pp. 520-64 (1977). Most 
stretches of cDNA were sequenced from both strands 
and most restriction sites which served as labelled 
termini were sequenced usinq^f^ag(inents 



xe sequenced usiMKlra^eiits spanning xnem^v 
Referring now tT^^^ ^^pi^Sfi 
therein the sequencing stxat&gy--^^ 

and amino acid sequences of the coding strand of cDNA 
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clone HLA-DR-p-A. * In clone HLA-DR-p-A thirty- five 
nucleotides precede the first ATG triplet- This 
ATG is the first codon of an open reading frame 266 
amino acids long* The first 29 amino acids, having 
5 a core of 11 consecutive hydrophobic residues, pre- 
cede a sequence which has a high homology with 
partial amino acid sequences determined for the 
p -chain of human la antigens [D. A. Shackelford 
et al., Immunol . Rev. , 66, pp. 133-87 (1982)]. 
10 Therefore, the ftrst. 29 amino acids (numbered -1 to 

-29 in Figure ( ^ likely represent the signal sequence 
and the remaining 237v amino ^acids (numbered 1 to 




)o 237 in 5^%^eH^7^CTre^irc 'the marurer protein (199 
ammo acids), the transmembrane region (22 ammo 
15 acids) and a? cytoplasmic Jaifcfclfi apinp acids). 'As 
IN) depicted in ^if^K&W^-^tlrere are four cys terns xri 
the extracellular portion of the coding sequence 

(positions 15, 79, 117 and {j^.^l^Od U}) 

0*2 Referring now to Fa^b^e-6, we kave depicted 

20 therein an amino acid sequence comparison of the 
amino acid sequence that we deduced from clone 
HLA-DR-p-A, the sequence determined by Kratzin for 
an la antigen p -chain isolated from a DR2 homozygous 
line [H. Kratzin et al., Hoppe Seyler's Z. Physiol. 

25 Chem. , 362, pp. 1665-69 (1981)] and the sequence 
deduced from a cDNA clone isolated from a DR3, w6 
cell line [D. Larhammar et al., Proc. Natl. Acad. 
Sci. USA , 79, pp. 3687-91 (1982)]. We believe this 
latter sequence is a DC p -chain clone because the 

30 deduced sequence matches the partial N- terminal 



* The partial nucleotide and amino acid sequence 
(AA79-95) for this clone was depicted in Great 
Britain patent applications 8222066 and 8230441. 
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sequence determined for the DS p -chain [S. M. Goyert 
et al., J. Exp. Med. , 156, pp. 550-66 (1982).* 

Referring now to Fig^^^wP^ave depicted 
the nucleotide and amino acid seg^neePox another 
HLA-DR-p clone [HLA-DR-p-B] • Again, the amino acid 
sequence deduced from this clone has a 29 amino acid 
putative signal sequence and 237 other amino acids 
in the coding region. 

USE OF THE cDNA INSERTS OF THIS 
INVENTION IN HLA-DR TYPING 

The cDNA inserts coding for families of 
HLA-DR- p -chain antigens or fragments thereof may be 
used in DR typing processes and kits . In general 
such typing processes COT^^ra^^e steps of 
(1) restricting an individuals DNA using conven- 
tional endonucleases and conditions, (2) size frac- 
tionating the restricted DNA, for example on conven- 
tional gels, (3) hybridizing the size fractionated 
DNA to the HLA/DR-p -chain related probes of this 
invention or fragments thereof and (4) detecting 
the areas of hybridization. 

For example, as one illustration of such^^^ 
process, we obtained high molecular weight DNA from 
four different individuals (3 homozygous (1/1, 6/6, 
7/7) and 1 heterozygous (3/6) for HLA-DR) from estab- 
lished cell lines. We digested the DNA at 37°C over- 
night with EcoRI (Boehringer-Mannheim), Hind i 1 1 
(Bethesda Research Laboratories) or BamH I using 
standard buffer conditions and 1 unit enzyme/pg DNA. 
We stopped the reactions with EDTA and extracted 
the restricted DNA once with chloroform/isoamylal- 



* DS and DC antigens are identical and show very 
good homology with the mouse I -A la antigens [S. M. 
Goyert et al., J. Exp- Med. , 156, pp. 550-66 (1982); 
R. Bono and J. L. Strominger, Nature, 299, pp. 836-38 
(1982)]. 
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cohol (24:1) and precipitated it with EtOH. After 
centr if ligation, we resuspended the pellets in 10 mM 
Tris-HCl (pH 7.6), 1 mM EDTA, 0.1% SDS, 0.05% bromo- 
phenol blue, 0.05% xylene cyanol and 5% glycerol. 
After incubating the DNA for 4 h at 37°C, we treated 
it for 5 min at 65°C and loaded it onto 0.6% agarose 
gels in 200 mM glycine, 15 mM NaOH (pH 8.3). We 
ran the gels at 60-100 V for 12 h, and treated and 
transferred them to 0.2 [j nitrocellulose filters 
(Schleicher & Schull), substantially as described 
by G.M. Wahl et al., Proc. Natl. Acad. Sci. USA , 
76, pp. 3683-87 (1979) . 

After transfer, we rinsed the filters in 
4 x SSC (SSC is 150 mM NaCl, 15 mM trisodium citrate) 
and then baked them for 2 h at 80°C in a vacuum oven. 
We then incubated the filters successively in 5 x 
SSC, 5 x Denhardt's reagent for 1-2 h at 65°C with 
gentle shaking and for 2 h at 65 °C in 1 x Denhardt's 
reagent, 0.75 M NaCl, 5 mM EDTA, 50 mM sodium phos- 
phate buffer (pH 7) 10% dextran sulfate, 0.1% SDS, 
50 pg/ml poly G and 250 ng/ml sonicated denatured 
herring DNA. We then hybridized the filter-bound 
DNA for 8-12 h at 65°C in 1 x Denhardt's reagent, 
0*75 M NaCl, 5 mM EDTA, 50 mM sodium phosphate buffer 
(pH 7), and 1 x 10 6 cpm/ml of a 32 P-labelled cDNA 
probe of this invention. 

After hybridization we washed the filters 
twice (65°C, 30 min) with each of 5 x SSC, 1 x Den- 
hardt's reagent, 0.1% SDS, 0.1% sodium pyrophosphate; 
2 x SSC, 0.1% SDS; 0.5 x SSC; and 0.1 x SSC. We 
then exposed the dried filters to preflashed Kodak 
X-AR film with intensifying screens (Cawo) at -70 °C 
for 48 h. 

Referring now to Figure 8, we have dis- 
played the resists of the hybridization. As can be 
seen in Figure jjtf each different human DNA (DR 7/7 
(lane 1), DR 6/6 (lane 2), DR 3/6 (lane 3) and DR 1/1 
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(lane 4)) exhibits a different el^p 
pattern for each restriction 

Therefore, Southern blots of DNA from various HLA/DR 
typed individuals using the probes of this invention 
5 q can distinguish among individu^^ HLA-DR 
^^specificities simply and e^^hxwtusih^*^ Moreover, 
the simple blot patterns obtained in these typing 
processes and products may permit typing refinements, 
not possible in classical typing procedures, so as 
10 to identify and to distinguish various subgroups in 
conventional HLA-DR groups and better to determine 
the susceptibility of those subgroups to various 
diseases * 

It should of course be understood that 

15 the detection of the hybridizing portions of the 

restricted particular DNA need not be done by a 
32 

P-labelled probe. Instead, other methods of 
detecting hybridization may be equally well employed. 
Such methods include couplina tJiei probe to dye acti- 
20 LU vators, detectable enzymes, Lk^'J or other detec- 
K ^ tion means. 

IMPROVED HLA-DR TYPING USING SYNTHETIC 
PROBES OF THE cDNA INSERTS OF THIS INVENTION 

Hybridization under conditions of Southern 
25 blotting with short (19 base) oligonucleotide DNA 

fragments has been shown to allow the discrimination 
of perfect matching sequences (identical or allele) 
from mismatching sequences (a different sequence or 
allele). See, e.g., B. J. Conner et al., Proc. Natl. 
30 Acad. Sci. USA , 80, pp. 278-282 (1983). 



— . :< a. 

Lane 5 of Figure ✓S* is mouse DNA. 



** The "typing" procedure described above may be 
done with 10-20 ml of blood and is easily scaled up 
35 to 100' s or 1000' s of tests. 
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We have analyzed the nucleotide sequences 
of our HLA-DR- p - cDNAs and identified at least three 
regions within those sequences that display sequence 
differences (including polymorphic differences)* 
These three regions are: (1) the coding sequence 
for amino acids 8-14; (2) the coding sequence for 
amino acids 26-32; and (3) the coding sequence for 
amino acids 72-78 (Figure 9), We also identified a 
region (the coding sequence for amino acids 39-45) 
that is identical among the different DR-p chain 
genes / and also among the DC and SB p -chain genes. 

We prepared synthetic oligonucleotide 
(19-mer) probes spanning the three regions of mis- 
match (black circles in Figure 9). The blocked areas 
of Figure 9 depict the particular 19-mers prepared 
for each of the three regions of the two HLA-DR-p 

m 

cDNA clones. Because each of these 19-mers has more 
than one mismatch, an unambiguous distinction among 
HLA-DR sequences can be made with each probe- More- 
over, a 19-mer may be prepared from the homologous 
region, described above, to act as a positive hybrid- 
ization control. 

In like manner, a collection of 19-mer 
DNA probes from regions of mismatch and identity 
among the other HLA-DR-p chain genes may be prepared. 
Each of the probes will then be specific for a given 
DR specificity. Hybridization with the collection 
of probes and controls would, accordingly, allow 
the rapid and accurate DR typing of large numbers 
of individuals. 

EXPRESSION OF THE DNA SEQUENCES OF THIS INVENTION 

The level of production of a protein is 
governed by two major factors: the number of copies 
of its gene within the cell and the efficiency with 
which those gene copies are transcribed and trans- 
lated. Efficiency of transcription and translation 



• 
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( which together comprise expression) is in turn 
dependent upon nucleotide sequences, normally situ- 
ated ahead of the desired coding sequence . These 
nucleotide sequences or expression control sequences 
5 define, inter alia, the location at which RNA poly- 
merase interacts to initiate transcription (the 
promoter sequence) and at which ribosomes bind and 
interact with the mRNA (the product of transcription) 
to initiate translation* Not all such expression 
10 control sequences function with equal efficiency . 
It is thus of advantage to separate the specific 
coding sequences for a desired protein from their 
adjacent nucleotide sequences and to fuse them 
instead to other expression control Jilq^Me^^ as 
15 to favor higher levels of expression* This having 
been achieved, the newly-engineered DNA fragment 
may be inserted into a multicopy plasmid or a 
bacteriophage derivative in order to increase the 
number of gene copies within the cell and thereby 
20 further to improve the yield of expressed protein. 

A wide variety of host-expression control - 
sequence vector combinations may, therefore^ j /)<^'f)jq^{f^^ 



employed in producing HLA-DR-p chain- like ^^fp^txc 
in accordance with the processes of this invention 
25 by inserting the appropriate coding sequences 

therein. For example, useful vectors may consist 
of segments of chromosomal, non-chromosomal and syn- 
thetic DNA sequences, such as various known bacterial 
plasmids from E»coli including col El, pCRl, pBR322 
30 and their derivatives, wider host range plasmids, 

e.g., RP4, phage DNA, e.g. the numerous derivatives 
of phage k and vectors derived from combinations of 
the above, such as vectors that include a portion 
of pBR322, a portion of phage X and a synthetic por- 
35 tion. Useful hosts may include bacterial hosts such 
as strains of E* coli e.g. E. coli K12 MC1061, 
E. coli HB101, E. coli X1776, E. coli X2282, E. coli 
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MRC1 and ^^^^^^^^^^S^^s, Bacillus subtilis , 
Bacillus s^mar^&^v^^^m and other bacilli, yeasts 
and other fungi, animal or plant hosts such as animal 
(including human) or plant cells in culture or other 
5 hosts. Useful expression control sequences may 

include the operator, promoter and ribosome binding 
and interaction sequences of the lactose operon of 
E. coli ("the lac system"), the corresponding 
sequences of the tryptophan synthetase system of 
10 E. coli ("the trp system"), the major operator and 
promoter regions of phage X (O^l 311(1 °R pI R^' tiie 
control region of the phage fd coat protein, or other 
sequences which control or aid the expression of 
genes of prokaryotic or eukaryotic cells and their 
15 viruses or various combinations of them. 

Of course, not all host-expression control 
sequence-vector combinations may be equally efficient 
with a particular HLA/DR coding sequence • However, 
as described in this invention and giving due consid- 
2 0 eration to biosafety, the sites available in the 

HLA-DR-p coding sequences of this invention for par- 
ticular constructions, the size of the HLA-DR p -chain 
polypeptides to be expressed, the susceptibility of 
those polypeptides to proteolytic degradation . by 
25 host cell enzymes, the possible o^^^^^^^^^oh' 
> those polypeptides by host cell ^^EeM^axfficult 
to remove during purification, the expression charac- 
teristics of HLA-DR-p coding sequences, such as the 
structure of the DNA coding sequence and the location 
30 of the start and stop codons with respect to the 

expression control sequences and other factors recog- 
nized by those skilled in the art, an appropriate 
combination may be selected wherein the HLA/DR-p- 
chain coding sequences of this invention are oper^- 
35 tively linked to an expression control ^^^qrj^nrV" 
vector and there employed to transform a host such 
that culturing the host produces the polypeptide 
coded for by the inserted coding sequence. 
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There are also various methods known in 
the art for inserting a DNA sequence and expression 
control sequence into a vector* These include, for 
example, direct ligation, synthetic linkers, exo- 
5 nuclease and polymerase-linked repair reactions 

followed by ligation, or extension of the DNA strand 
with DNA polymerase and an appropriate single- 
stranded template followed by ligation. Again, those 
of skill in the art may select one or more of such 
10 methods to express the DNA sequences of this inven- 
tion without departing from the scope hereof. 

It should also be understood that the 
actual HIA/DR-p -chain coding sequences expressed in 
a chosen host-expression control sequence-vector 
15 combination of this invention may result in products 
which are not identical to the authentic HLA-DR-p 
chain antigens. For example, the coding sequence 
expressed might code for HLA-DR-p chains plus a 
methionine or other amino acids unrelated to HLA-DR-p 
20(r^ WnMA^^The DNA sequence expressed might alterna- 
tively code for only a part or parts of HLA-DR-p 
chains alone or together with methionine or other 
amino acids. These constructions and products are 
encompassed by this invention. For example, a host 
25 transformed with a nucleotide sequence coding for a 
^-DR-p chain-like pii^p^^^^^ ra^rht produce that 



P^HLA- 



compound alone or fused to other amino acids or it 
might secrete that product. All that is necessary 
is that the product, either after isolation from 

30 the fermentation culture or after conventional treat- 
ment such as cleavage, synthetic linking or other 
well-known processes displays an immunological or 
biological activity of the HLA-DR-p chain antigens. 

The above-described HLA-DR polypeptides 

35 after purification or antibodies raised against them 
may be employed to type individuals in conventional 
HLA-DR typing processes or kits or may be employed 
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in other diagnostic, preventive or therapeutic agents 
or processes. 



cules prepared by the processes of this invention 
are exemplified by cultures deposited in the American 



DR-p-C: 

DR-p-A : E. coli HB101 (pBR322(Pst)/HLA-DR-p-A) 

DR-p-B : E. coli HB101 (pBR322(Pst)/HLA-DR-p~B) 

DR-p-C : E. coli HB101 (pBR322(Pst)/HLA-DR-p~C) 

These cultures were assigned accession numbers ATCC 
39164, 39163 and 39165, respectively* 



number of embodiments of this invention, it is 
apparent that our basic construction can be altered 
to provide other embodiments which utilize the pro- 
cesses and compositions of this invention. There- 
fore, it will be appreciated that the scope of this 
invention is to be defined by the claims appended 
hereto rather than by the specific embodiments which 
have been presented hereinbefore by way of example. 



Microorganisms and recombinant DNA mole- 




While we have hereinbefore presented a 



